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if:ort  is  dovotod  t  e  study  of  Army  air  defense  sys- 
ability ,  -"apnbil.ty  and  cost. 

-A-is  done  the  Eccnor  .cs  Division  of  Stanford  Research 
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Section  I 
INTRODUCTION 


Background 


A  comprehensive  method  lor  analysis  and  evaluation  of  weapons  sys¬ 
tems  has  been  developed  by  Stanford  Research  Institute  to  give  better  in¬ 
formation  to  decision-makers  concerned  with  allocating  national  resources 
among  futuie  weapons  systems.  The  method  for  analysis  and  evaluation  can 
be  summarized  in  ten  steps: 

1.  Establish  a  strategic  framework  outlining  the  boundaries  of  in¬ 
tercontinental  thermonuclear  war  and  the  place  of  the  air  defense  system 
therein . 

2.  Analyze  the  target  system  to  be  defended,  assigning  measures  of 
value  to  the  components.  These  value  measures  are  the  primary  criteria 
of  effectiveness  of  the  weapons  systems. 

3.  Analyze  on  a  dynamic  basis  the  capabilities  of  the  expected  or 
designated  enemy  as  a  threat  to  the  target  system. 

4.  Uetermlne  the  environment  In  which  attack  and  defense  operate, 
Including  those  factors  relevant  to  plans  and  execution.  This  step  Is 
particularly  Important  when  envl  rormonlal  systems  for  air  defense  weap 
ons  are  being  evaluated. 

5.  Define  and  describe  the  weapons  systems  under  study,  determining 
functions  and  parameters  of  the  systems.  Establish  and  Identify  the  vari¬ 
ations,  ofticial  and  unofficial,  of  the  system. 

6.  Analyze  the  operational  availability  of  the  defined  systems 
anrliT  alternative  states  of  national  urgency. 

/.  i'erlorm  a  cost  analysis  on  the  weapons  .systems,  including  unit 
costs,  initial  investment  program  costs  d  . t  ribu  ted  as  fiscal  year  ex¬ 
penditures,  and  annual  operating  costs  o»  uciil'’etng  various  schedules  at 
various  torce  levels  tor  various  states  of  r.atiojiai  urgency. 

8  Fst.iblish  the  capabi  1  1 1  ie.s  of  '.he  wr.po"^  systems  in  an  opera¬ 
tional  environment  on  a  dyna-mte  I'C'-i  .s  anil  laai.cn  these  capabl  1  i  tlo.s  at 
c.ich  point  in  time  against  the  esitmated  future  potent). als  of  the  threat. 
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9.  Determine,  through  analysis  of  the  factors  involved,  the  opera¬ 
tional  (such  as  reliability)  and  logistical  (such  as  schedule  slippages) 
degradation  of  the  weapons  systems. 

10.  Determine  the  effectiveness  of  the  air  defense  systems  as  they 
fit  into  our  defense  posture  at  various  force  levels  under  various  states 
of  urgency,  utilizing  the  measures  of  value  established. 

Finally,  make  use  of  successive  approximations  so  that  the  strategic 
framework  is  constantly  modified,  countering  changes  in  enemy  strategy. 

The  method  seeks  a  complete  statement  of  the  problem  to  provide  per¬ 
spective  for  an  evaluation,  and  it  treats  all  elements  -threat,  target 
defense  measures,  and  air  defense  weapons--as  varying  over  time. 

The  research  reported  on  in  this  study  is  a  part  of  Step  6--Avalla- 
billty  Analysis--and  is  specifically  concerned  with  leadtime. 

Normally,  Stanford  Research  Institute's  availability  analyses  deal 
with  the  time  between  the  end  of  feasibility  study  and  the  deployment  of 
some  quantity  of  units  in  operational  condition.  These  leadtime  studies 
have  gone  beyond  the  leadtlmes  Involved  in  weapons  hardware,  and  have 
been  concerned  also  with  the  associated  personnel  training,  operational 
site  acquisition  and  construction,  support  activities,  and  management 
activities  (contracts,  decision  dates,  funding,  etc.). 

Several  techniques  and  methods  for  evaluating  availability  estimates 
are  In  development  and  use  at  Stanford  Research  Institute.  They  will  be 
reported  at  a  later  date.  Technical  evaluations  are  made  of  the  state 
of  the  art  of  all  components  of  a  particular  weapon  system  to  help  deter¬ 
mine  technical  feasibility  of  that  weapon  system  and  its  schedule.  Con¬ 
currently,  a  detailed  analysis  Is  made  of  the  master  schedule  for  a 
weapon  system  program  so  as  to  isolate  any  internal  inconsistencies. 
Techniques  also  include  an  c.xamination  of  the  planning  factors  and  as¬ 
sumed  conditions  which  underlie  an  estimated  completion  date.  Costs  are 
correlated  with  the  master  schedule  to  determine  annual  expenditures 
needed  to  attain  that  schedule 

'Ihe  research  reported  on  herein  is  background  material  contributing 
to  comprehensive  and  specific  analyses  Since  the  primary  objective  of 
the  research  on  air  defense  has  been  directed  toward  providing  organized 
facts  and  evaluations  to  dec i s i on -make rs ,  it  was  deemed  appropriate  to 
exiunine  in  some  det.iil  those  olficial  documents  that  presented  data  to 
strategic  dec  1  s  1  on -make rs  r.i  the  Army  Staff  and  Department  of  Defense 
level  Tins  stud\  e.\  .i;tii  i  le  s  'lie  ii  i  s  t  o  1  i  v  ,i  1  leiold  of  tile  eiuLii  repuilL’U 
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on  thirty-one  missile  systems  In  the  Annual  Guided  Missile  Progress  Re¬ 
ports  (DOD  form  DD-613,  entitled  RfeD  Project  Card)  and  the  data  reported 
by  each  of  the  services  to  DOD  and  listed  In  the  DOD  Guided  Missile  Pro¬ 
gram  Table.  The  study  views  the  adequacy  of  these  documents  for  provid¬ 
ing  a  source  of  information  for  Important  strategic  decisions. 


Scope  of  Study 


Tnl!-  paper  is  a  part  of  these  continuing  efforts  of  Stanford  Research 
Institute  to  evaluate  the  Army's  air  defense  missile  systems  by  extending 
availability  research  Into  five  basic  areas; 

1.  What  Is  the  definition  of  the  phases  of  a  weapon  cycle,  and  how 
adequate  are  the  definitions  in  current  use  toward  establishing 
a  rigorous  system  of  reporting  to  Insure  comparability  among 
all  weapons  systems? 

2.  How  much  time  do  the  weapon  cycle  and  Its  phases  consume? 

3.  What  are  the  errors  in  estimating  the  length  of  the  weapon  cycle 
and  its  phases? 

4.  What  can  be  done  to  shorten  the  weapon  cycle,  and  what  data  and 
techniques  are  required  to  control  leadtime  from  research  to 
operational  status? 

5.  What  is  the  relationship  of  dollar  expenditures  to  the  weapon 
cycle? 

This  paper  provides  background  data  in  basic  areas  2  and  3  ("How 
much  time  is  required,  and  what  are  the  errors  of  estimating?"),  and  in¬ 
dicates  how  this  knowledge  can  be  useful  in  evaluating  missile  programs. 

In  addition,  the  study  examines  the  data  submitted  on  official  reporting 
forms  to  determine  the  degree  to  which  the  data  contained  in  these  re¬ 
ports  are  adequate  for  use  by  strategic  decision-makers. 

iiiis  iii.iv  al  ic-poi't  Specifically  cxa.T.ir.cc  : 

1,  The  actual  leadtiraes  to  operational  statusi.'^  for  nine  United 
States  missile  systems,  and  the  leadtimes  to  estimated 


lime  from  project  start  to  operational  status.  Project  start  does 
not  nccesti.ari  1  y  corre.spond  to  the  end  of  the  feasibility  study  (nor¬ 
mally  the  starting  dale  of  .Stanford  Research  Institute  ieadtime 

t  ud  1  es  >  , 

:t 
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operational  status  for  an  additional  twenty-two  United  States 
missile  systems  (Section  III). 

2.  The  relationship  between  estimated  and  actual  dates  of  opera¬ 
tional  availability  for  eight  of  the  nine  operational  missile 
systems;  also,  the  relationship  between  first  estimates  and  the 
latest  esLliiiates  for  thirteen  ncnoperational  missile  systems 
(Section  IV). 

3.  The  changes  in  leadtime  as  a  function  of  calendar  year  of  start 
of  project  (Section  V)  . 

4.  Time  to  the  first  production  contract  as  a  ratio  of  time  from 
project  start  to  operational  status  (Section  VI). 

5.  The  relationship  of  estimated  and  actual  completion  dates  of  op¬ 
erational  availability  to  estimated  and  actual  completion  dates 
of  research,  development,  test,  and  operational  evaluation  for 
the  Army's  family  of  missile  systems  (Section  VII). 

6.  The  series  of  estimates  of  completion  dates  for  research,  devel¬ 
opment,  test,  and  operational  evaluation  for  the  Army's  family 
of  SAM  systems:  NIKE-AJAX,  NIKE-HERCULES,  HAWK,  TALOS  (land- 
based),  and  PLATO  (Section  VIIl). 

This  report  consists  primarily  of  analyses  of  data  in  these  areas. 

Ko  attempt  is  made  to  assign  cause.,  for  variation  of  leadtimes  or  causes 
for  errors  of  estimate.  However,  to  provide  some  guidance  in  the  proper 
use  of  the  statistics  it  was  necessary  to  present  a  general  outline  of 
the  nature  of  errors  and  to  raise  questions  or  cautions  in  the  use  of  the 
data. 
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Section  II 
SUMMARY 

This  technical  reptort  Is  an  analysis  of  data  on  missile  system  lead- 
times.  The  report  does  r^t  purport  to  explain  8pecifically--system  by 
8ystem--why  leadtlmes  varyN^d  estimating  errors  exist,  nor  does  It  pre¬ 
tend  to  categorize  the  estlmk^lng  errors  as  "preventable"  or  "not  pre¬ 
ventable."  The  general  causesNpf  errors  In  estimating  are  discussed, 
but  this  report  does  not  link  sp^ific  cause  and  effect  in  the  discus¬ 
sion  of  estimating  errors.  NaueftWiess,  much  has  been  learned  about 
the  nature  of  the  leadtlme  measuremoHt  problem.-  Fol lowing  are  the  major 
observations  drawn  from  this  study.  \  \ 

1 .  Available  leadtlme  data  leave  much  to  be  desired  in  terms  of 
accuracy  of  definition  and  consistency.  This  statement  should  not  be 
Interpreted  as  vitiating  the  conclusions  of  this  report.  It  does  mean, 
however,  that  it  was  not  possible  to  get  precise  and  consistent  data  be¬ 
cause  of  the  ambiguities  of  the  definitions  of  specified  events.  There¬ 
fore  the  statistical  results  should  be  treated  as  approximate. 

2 .  The  leadtime  for  operational  status  of  missile  systems  has  aver¬ 
aged  about  eight  to  nine  years.  The  nine  missile  systems  which  were  op¬ 
erational  in  June  1957  averaged  8.7  years  from  project  start  to  first 
unit  In  an  operational  status.  The  span  of  leadtimes  was  from  about 

6  to  1 1  year.s,  with  78  percent  of  the  nine  systems  falling  in  the  8-  to 
9-1/2-year  bracket. 

Using  the  latest  estimates  of  operational  availability,  the  average 
leadtlme  for  twenty-tv.'o  systems  which  are  not  yet  operational  is  about 
the  .s.ame  as  for  the  Pine  operational  systems  However,  the  span  is 
greater  (4  to  19  years),  and  82  percent  of  the  systems  fall  in  the  5-  to 
12-1'2-year  bracket. 

3 .  Estimates  of  leadtimes  to  .operational  availability  have  usually 
been  Opt  iii'iist  ic  .  I’or  1  hc  r.lr.c  operational  systems,  the  first  pst-imatps 

of  operational  availability  were  optimistic  by  2  to  4-1/2  years  (i.e.,  the 
estimated  dates  were  .sooner  than  the  actual  dates).  Only  3  percent  of 
.ill  c.stlmatc:;  up  to  the  time  of  operational  availability  were  pessimistic 
(estimated  date  later  than  actual  date)  oy  more  than  one-half  year.  The 
estimated  time-to  go  (that  Is,  time  from  date  of  estimate  to  estimated 
operational  availability)  averaged  about  65  percent  of  the  actual  time 
reciiiired:  hviwcver,  iiiiiividuai  estimates  varied  widely  from  the  average. 
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The  thirteen  systems  which  are  not  yet  operational  show  a  somewhat 
poorer  estimating  performance  than  the  nine  operational  systems  in  terms 
of  the  'slippage"  rate  frate  of  delay  in  years  per  year  of  the  estimated 
operational  availability  date).  However,  no  significant  difference  in 
the  average  slippage  rate  could  be  determined  between  the  systems  started 
prior  to  1950  and  those  started  alter  1950, 

4 .  The  average  of  the  latest  estimates  of  leadtimes  for  missile 
systems  initiated  after  1950  is  less  than  those  for  the  pre-1950  missile 
systems .  The  average  leadtime  for  systems  started  prior  to  1950  is  about 
10-1/2  years,  based  on  actual  leadtimes  for  operational  systems  and  mid-57 
military  service  estimates  for  the  not -yet -operational  systems.  For  post- 
1950  systems,  the  average  of  mid-57  estimated  leadtimes  is  about  7  years, 
or  3-1/2  years  less  than  average  leadtimes  for  the  pre.1950  systems.  If 
the  estimating  error  data  for  the  eight  operational  systems  are  used  to 
compensate  lor  the  probable  optimistic  error  in  the  estimates  for  the 
post-1950  systems,  the  compensated  average  leadtime  would  be  about  9  years, 
or  1-1/2  years  less  than  the  pre-1950  systems. 

5 .  For  seven  of  the  nine  operational  systems,  one-half  to  three- 
quarters  of  the  total  leadtime  was  spent  prior  to  the  first  production 
contract .  For  the  nine  operational  systems,  about  25  to  85  percent  of 
total  leadtime  was  spent  prior  to  first  production  contract.  Seven  sys- 
tei.i.s  were  grouped  in  the  range  from  50  to  75  percent.  In  terms  of  years, 
the  range  of  times  from  first  production  contract  to  operational  availa¬ 
bility  varied  from  about  1.1./2  to  6-1/2  years.  Variation  for  the  most 
closely  grouped  six  systems  was  from  about  3  to  4-1/2  years. 

The  maximum  variation  of  estimated  percentages  of  time  spent  prior 
to  first  production  contract  for  eleven  not  -  ye t -operat lonal  systems  for 
hfch  data  were  available  was  about  the  same  as  for  the  nine  operational 
systems  .Nine  of  the  eleven  systems  were  fairly  evenly  distributed  be¬ 
tween  50  and  85  percent.  In  terms  of  years  from  first  production  con¬ 
tract  to  estimated  operational  availability,  the  variation  was  from  about 
1  to  7  years.  Seven  of  the  eleven  systems  arc  estimated  to  require  from 
2-1  2  to  3-1  2  years.  Further  delays  In  estimated  operational  availabil¬ 
ity  dates  may  change  this  pattern 

6  Ihe  data  for  eleven  Army  missile  system.s  showed  no  marked  time 
relationships  between  total  leadtime  and  completion  of  activities  In  the 
RSd)  phase  (i  e,  research  development,  test  and  operational  evaluation). 
Although  It  13  logical  to  .suppose  that  time  relationships  do  exist  between 
complenon  of  the  various  FSiD  activities  .and  operational  availability,  no 
marked  correlations  were  ap[),iri'nt  in  the  data  Hence,  knowledge  of  the 
estimated  completion  d.ates  of  1(411  phases  as  repoi  ted  by  the  military 
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services  to  DOD  appears  to  be  of  little  value  in  evaluating  operational 
availability  dates.  Two  reasons  for  the  low  correlation  are  probably 

(1)  the  time  relationships  are  different  from  system  to  system,  and 

(2)  research,  development,  test,  and  operational  evaluation  are  diffi¬ 
cult  to  define  In  terms  of  a  specific  system. 

7.  For  KIKE-AJAX,  N1KE-HERCU1£S;  and  HAWK,  estimates  of  completion 
dates  for  activities  in  the  Rf-X)  phase  (i.e.,  researcn,  development,  test, 
and  operational  evaluation)  in  general  showed  greater  rates  of  change, 
or  slippage,  than  estimates  of  operational  availability.  Examination  of 
data  for  these  three  Army  SAM  systems  suggests  that  the  present  report¬ 
ing  by  the  military  services  to  DOD  does  not  define  R8iD  phase  activities 
adequately  for  meaningful  interpretation  with  respect  to  system  defini¬ 
tion,  For  example,  It  Is  probable  that  early  estimates  of  the  completion 
of  RSiD  phase  activities  refer  to  the  first  configuration  of  the  system  to 
become  operational  .  Some  subsequent  estimates  probably  refer  to  advanced 
configurations;  hence,  the  estimated  completion  dates  for  the  R&D  phase 
activities  she*  greater  rates  of  delay  than  the  estimated  dates  for  op¬ 
erational  availability  of  the  first  configuration. 

8  The  present  system  for  reporting  leadtime  data  is  inadequate  for 
planning  and  control  purposes,  particularly  in  R&D  activities.  This  state¬ 
ment  IS  based  upon  the  discussions  of  Summary  Statements  Nos,  1,  5,  6, 
and  7 


,t  IS  apparent  that  more  thought  and  analysis  must  be  given  to  re¬ 
porting  and  controlling  the  leadtime  parameters  of  R&D  if  substantial 
lendttme  reduction--  are  io  be  realized. 

9  Ihe  data  in  this  report,  if  employed  Judiciously  with  other  more 
detailed  system  data,  are  useful  for  broad  planning  purposes  until  further 
analysis  explains  the  cause-effect  relationships.  The  reader  is  warned 
to  i|SH  these  data  with  caution  because  qualitative  factors  Influence  lead- 
time  The  influence  of  the-.c  factors  on  the  leadtirae  data  has  not  been 
determined;  hence  (here  are  f  imitations  on  the  use  of  these  data  alone 
in  referente  to  any  single  system  However  these  data  can  provide  a 
useful  means  for  evaluating  -chedules  when  combined  with  other  detailed 
.system  data 
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Section  III 

LENGTH  OF  lilADTIME  FOR  THIRTY-ONE 
UNITED  STATES  CRJIDED  MISSIU:  SYSTEMS 


Figure  1  shows  (1)  the  time  spans  of  nine  operational  systems  from 
project  Initiation  to  first  operational  availability,  and  (2)  the  esti¬ 
mated  time  spans  of  twenty-two  not-yet-operational  (or  "nonoperatlonal") 
guided  missile  systems.  The  dates  used  for  the  starts  of  the  projects 
and  actual  and  estimated  operational  availability  come  from  two  primary 
sources:  (1)  the  Office  of  the  Assistant  Secretary  of  Defense,  R&E,  in¬ 

cluding  the  DOD  Guided  Missile  Program  Tables,  and  (2)  the  annual  Guided 
Missile  Progress  Reports  of  the  Army,  Navy,  and  Air  Force.  (See  Appendix 
Table  A-1,  column  2,  for  specific  data  references  by  missile  system.) 

The  DOD  Guided  Missile  Program  Tables  from  which  the  data  were  ob¬ 
tained  listed  fifty-five  systems;  however,  actual  or  estimated  leadtimes 
could  be  calculated  for  only  the  thirty-one  systems  (shown  In  Table  I 
and  Figure  1)  for  which  the  dates  of  project  Initiation  were  given. 

The  thirty-one  missile  systems  were  classified  into  two  groups,  op¬ 
erational  and  nonoperatlonal,  as  of  30  June  1957,  in  order  to  show  simi¬ 
larities  and  differences  between  the  actual  leadtimes  of  operational 
systems  and  estimated  leadtimes  for  systems  which  were  not  operational. 

The  nine  operational  systems  required  an  average  of  8.7  years  from 
project  initiation  to  operational  availability  (see  Figure  1).  Of  the 
nine  systems,  seven  systems  (78  percent)  are  grouped  in  the  interval 
from  8  to  9-i/2  years  (1-1/2  years'  variation).  The  extremes  range  from 
Just  under  6  years  to  more  than  11  years,  a  variation  of  about  5-1/2  years. 

According  to  the  mid-b7  estimates,  the  twenty-two  nonoperatlonal 
systems  will  require  about  the  s.ime  average  time  to  become  operational 
(8, .5  years)  as  the  nine  operational  systci.s.  However,  the  variation  of 
estimated  leadtimes  Is  greater.  As  Figure  1  shows,  the  central  82  per¬ 
cent  ol  the  sysLems  leigiiicen  .-.y s teii'is  /  di'O  estimated  to  require  about 
5  to  12-1  2  years  (7-1  2  years'  variation,  where  operational  systems 
varied  1-1  2  years),  .and  the  extremes  range  from  4  to  almost  19  years 
(about  15  years'  variation,  as  against  5-12  years'  variation  for  opera¬ 
tional  SYS  terns ) . 
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YEARS  REQUIRED  FROM  PROJECT  START  TO  OPERATIONAL  STATUS 
NINE  OPERATIONAL  MISSILE  SYSTEMS 


ESTIMATE  OF  YEARS  REQUIRED  FROM  PROJECT  START 
TO  OPERATIONAL  STATUS  -  77  MISSILE  SYSTEMS  NOT  OPERATIONAL 
BY  30  JUNE  ;957 


SOURCE  ft-i 


FIG.  I 
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2.  SPARROW  I 

3.  MATADOR 

4.  AJAX 

5.  TERRIER 

6.  REGULUS  I 

7.  FALCON 

8.  CORPORAL 

9.  PETREL 
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13.  TALOS  (LAND) 
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31.  TRITON 
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Table  I 

DOD  GUIDED  MISSILE  PROGRAM  TABLE  (AS  OF  30  JUNE  1957) 
DATES  OF  EARLIEST  OPERATIONAL  AVAILABILITY 
(Service  Estimates) 


maalla  Syatea 

Service 

Included 

In  Analyala 

Hiaalle  Syaton 

Service 

includBd 

in  Analyst* 
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ASM 
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AF 
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AF 
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Because  the  data  for  the  twenty-two  nonoperatlonal  systems  consist 
of  tine  durations  from  project  start  to  estimated  date  of  operational 
availability,  they  are  different  from  data  for  the  operational  systems 
in  two  Important  respects: 

1.  Some  of  the  twenty-two  nonoperatlonal  systems  will  probably  be 
cancelled  prior  to  becoming  operational.  These  unsuccessful 
systems  quite  possibly  have  an  average  of  latest  estimated  lead- 
times  that  is  different  from  the  average  of  those  that  will  be 
successful . 

2.  As  discussed  in  the  next  section  of  this  report,  estimates  of 
future  accomplishment  have  a  strong  tendency  to  be  optimistic 
with  respect  to  the  actual  accomplishment;  hence,  as  these  sys¬ 
tems  become  operational,  their  actual  leadtimes  will  probably 
be  found  to  have  been  greater  than  the  current  estimates. 

Because  of  these  two  Important  differences  between  actual  and  esti¬ 
mated  leadtimes,  it  can  be  stated  only  that  the  twenty-two  nonoperatlonal 
systems  are  estimated  to  require  about  the  same  average  length  of  time 
to  become  operational-  as  the  average  length  of  time  for  the  nine  opera¬ 
tional  systems,  and  that  the  variation  of  the  estimated  leadtimes  is  much 
greater  than  the  variation  of  actual  leadtimes. 
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Section  IV 


ERRORS  OF  ESTIMATE 


Figure  2  illustrates  the  successive  estimates  of  the  date  of  first 
operational  availability  for  nine  guided  missile  systems  which  had  be¬ 
come  operational  by  mid-1957.  The  estimates  are  official  estimates  made 
by  Che  three  mill  Cary  services  to  the  Department  of  Defense.  (See  Ap¬ 
pendix  D  for  explanation  of  the  method  of  plotting  Figure  2.) 

In  general,  the  plots  for  the  nine  systems  have  a  similar  pattern: 
the  estimated  completion  dates  tend  to  become  progressively  later  with 
passage  of  time.  The  first  reported  estimates  for  the  nine  systems  de¬ 
viated  from  the  actual  dates  by  2  to  4-1/2  years  in  an  optimistic  direc¬ 
tion  (i,e.,  estimated  dates  were  sooner  than  actual  dates),  In  the  case 
of  PETREL,  one  subsequent  estimate  was  optimistic  by  7-1/2  years.  Only 
3  percent  of  all  the  estimates  made  were  pessimistic  by  more  than  a  half 
year . 


Individual  estimates  vary  widely  in  their  error.  It  must  be  empha¬ 
sized  that  the  term  "error,"  as  used  in  this  report,  refers  to  the  time 
difference  between  estimated  events  and  actual  events  regardless  of 
cause;  no  blame  is  implied.  Figure  3  was  plotted  to  show  the  relation¬ 
ship  between  estimated  and  actual  times-to-go  (time  from  date  of  esti¬ 
mate  to  date  of  operational  availability)  for  the  eight  operational 
systems  for  which  several  estimates  were  available  (CORPORAL,  with  only 
two  estimates  available,  was  omitted).  This  figure  shows  that  the  esti¬ 
mated  time-to-go  averaged  about  65  percent  of  the  actual  time-to-go. 
Stated  in  years.  6  years  from  operational  availability,  the  average  es¬ 
timate  was  about  4  years;  at  3  years  to  go,  the  average  estimate  was 
about  2  years.  This  mc.ans  that  there  was  about  2  years'  average  opti¬ 
mistic  error  at  6  years  to  go  and  about  a  year's  at  3  years  to  go.  The 
average  optimistic  errors  in  this  figure  arc  the  vortical  distances  from 
the  average  estimate  points  to  the  "correct  estimate  line."  The  average 
oplimistic  error  tended  to  be  about  35  percent  of  the  actual  time-to-go. 
Note  that  tfiese  are  averages.  Individual  estimates  and  errors  vary 
widely  f I’om  the  averages,  and  the  estimates  for  a  single  missile  system 
can  lull  pridoninani  1  y  above  or  below  the  averages 

t'li  for  t  unal  e  1  y  ,  t  hi*  actual  time-to-go  is  not  known  for  future  events 
.ind  IS  therefore  .i  poor  I'cterence  against  which  to  moa.surc  errors.  Fig- 
tiie  1  w.is  plotteii  from  the*  orii-nlalion  of  !  he  military  planner,  who  niu.st 
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ACTUAL  TIME-TO-GQ  TO  OPERATJONAL  AVAILABILITY  (YEARS) 


o  SINGLE  ESTIMATE  ^AVERAGE  OF  ESTIMATES  BY  HALF-YEAR  INTERVALS 

•  2-w-  •(« 


NOM  T>in«--(o-go  >i  'im«  f'cwr  dAt«  <-  v«r<Aot«  lo  o<iun!  or  «>tti'nat«d  dots  of  op»rntionol  oval  lobll il jr 
SOuSCL  Appendln  Toble  *  *  ? 


FIG.  3 

FSTIMATED  VS  ACTUAL  TIME-TO-GO  TO  OPERATIONAL  AVAILABILITY 
FOR  EIGHT  OPERATIONAL  MISSILE  SYSTEMS 
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ESTIMATED  TIME-TO-OO  TO  OPERATIONAL  AVAILABILITY  (YEARS) 
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OPTIMISTIC  ERROR  OF  ESTIMATE 
(YEARS) 
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work  with  estimated  tlme-to-go.  Figure  4  is  derived  from  the  same  esti¬ 
mates  as  Figure  3,  but  shows  optimistic  errors  plotted  against  estimated 
tlme-to-go.  By  visual  inspection  it  can  be  seen  that  the  average  error 
of  estimate  was  greatest  (roughly  2  years  optimistic)  when  the  estimated 
tlme-to-go  was  3  to  4  years.  As  might  be  expected,  the  average  error  de¬ 
creased  as  the  estimated  tlme-to-go  decreased  below  3  years.  However, 
the  average  error  was  also  smaller  (1  to  1-1/2  years)  for  estimates  of 
5  or  6  years  to  go.  This  seeming  anomaly  of  greater  accuracy  for  longer 
estimates  can  be  explained  by  the  limited  range  of  actual  times-to-go  for 
the  eight  systems;  all  but  five  estimates  were  made  when  the  actual  tlme- 
to-go  was  less  than  8  years.  The  effect  is  clear  in  Figure  4;  the  data 
are  compressed  into  a  triangle  bounded,  approximately,  by  the  8-year 
"actual  tlme-to-go"  line  and  the  two  axes.  Some  changes  in  Figure  4  can 
be  anticipated  if  it  is  kept  up  to  date  as  more  systems  become  opera¬ 
tional.  For  example,  if  SHARK,  RASCAL,  TALOS  (shipboard),  and  LACROSSE 
become  operational,  the  actual  time-to-go  boundary  of  the  data  points 
will  move  out  from  8  to  8-1/2  years  to  about  11  or  12  years  (or  more) 
and  numerous  data  points  will  bo  added  with  at  least  4  to  6  years'  error 
for  estimates  of  3  to  6  years  tlme-to-go.  As  a  result,  the  average  error 
values  will  probably  Increase,  particularly  in  the  area  from  3  or  4  to 
7  years  estimated  tirae-to-go. 

Figure  5  was  plotted  to  show  the  history  of  estimates  for  thirteen 
of  the  twenty-two  nonope rational  guided  missile  systems  in  order  to  com¬ 
pare  them  to  the  history  of  estimates  for  the  nine  operational  guided 
missile  systems  shown  in  Figure  2.  The  nonoperatlonal  systems  which 
were  not  plotted  (nine  systems)  had  data  for  less  than  3  years  of  esti¬ 
mates,  Which  are  not  enough  to  establish  definite  patterns  of  estimating 
performance . 

A  cursory  examination  of  the  plots  for  nonoperatlonal  systeris  in 
Figu  re  5  shows  a  strong  similarity  to  the  plots  for  operational  systems 
in  Figure  2.  In  both  cases,  first  estimated  completion  dates  are  opti¬ 
mistic  by  up  to  several  years  and  subsequent  estimated  completion  dates 
are  later  with  passage  of  time. 

Tabic  II  was  prepared  to  show  similarities  or  differences  in  the  es- 
tjniLiting  performances  foi  llie  opc-iat  lor,al  systems  and  thonc  for  the  non - 
operational  systems.  The  numerical  measure  used  to  describe  estimating 
performance,  illustrated  in  Figure  16  (in  the  appendix)  is  the  average 
slippage  rate  (l.e.,  average  rate  of  change  of  the  estimated  date  of  op¬ 
erational  av nl  1  .ab i  1 1 1 y  per  calendar  year).  For  operational  systems,  the 
slippage  rate  de'.orniined  I'y  the  first,  itstimate  and  the  actual  opera¬ 
tional  .availability  date.  For  nonoperatlonal  systems,  probable  earliest 
■iiid  lati’St  dates  of  opi  rat  lon.al  availability  are  defined  which  establish 
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FSTIMATFD  COMPLETION  DATES  OF  OPERATIONAL  AVAILABILITY 
FOR  THIRTEEN  NONOPERATIONAL  GUIDED  MISSILE  SYSTEMS 
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Table  11 

RATES  OF  CHANGE  OF  ESTHWTED 
FIRST  OPERATIONAL  AVAIIABILITY  DATE 


Category  1- 

-9  Operational  Syatena 

Systes 

Project  Start  Date 

L _ 

Average  Slippage  Rate 
(years  delay  per  year) 

PETREL 

8/44 

0.53 

CORPORAL  E 

12/44 

.60 

AJAX 

2/45 

.44 

MATADOR 

2/46 

.53 

RBGULUS  I 

6/46 

.23 

TERRIER 

11/46 

.25 

SPARROW  1 

12/46 

.35 

FALCON 

3/47 

.50 

SIDEWINDER 

9/50 

.47 

]  Avemge 

0.43 

Category 

2—5  Ncnoperational  SystenH  Started  In 

1946  and  194? 

Average  Slippage  Rate 

System 

Project 

Start  Di'te 

(years  delay  per  year) 

Probable  MlMmum 

Probable  Maximum 

eVA  f»V 

2/46 

5/46 

0.39 

.56 

0.49 

,62 

RASCAT. 

TRITON 

9/46 

.68 

.73 

TALOS  (Ship) 

11/46 

.44 

.52 

UCROSSE 

7/47 

.55 

.63 

j  Average 

0.52 

0.60 

Category 

3 — 8  Nonoperat ionai  SyBiemB  Started  In 

1950  or  Later 

i 

i 

Average  Slippage  Rate 

Syat  etn 

Project 

(years  dele 

y  per  year) 

Probable  M 

s 

a 

c 

s 

Probable  Maximum 

KEDSTONE 

!  ‘ 

(1.4T 

0.58 

nOMARC 

;  1 

.72 

SmKMOa  Ml 

1  51 

.54 

HAWK 

t  M 

.  39 

.  55 

Hri.iJAP 

•I  52 

.32 

,54 

UKRCn.KS 

•I  52 

.13 

IlAHT 

:  12  52 

.2" 

.  Ifi 

SFRGIVt'T 

1  5-1 

.37 

.  55 

1  ^v.-rr.  i;s- 
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a  probable  inininiura  and  maximum  slippage  rate.  These  probable  earliest 
and  latest  dates  are  based  on  the  error  data  of  Figure  4.  If  these  data 
for  the  operational  systems  hold  true  for  the  nonoperational  systems, 
about  80  percent  of  the  nonoperational  systems  will  have  operational 
availability  dates  falling  between  the  derived  earliest  and  latest  dates. 
Appendix  C  gives  the  details  of  projecting  the  probable  earliest  and  lat¬ 
est  availability  dates. 

The  data  on  average  slippage  rates  are  grouped  into  the  three  cate¬ 
gories  shown  in  Table  II; 

1,  The  nine  operational  systems. 

2,  The  five  nonoperational  systems  started  in  1946  and  1947. 

3,  The  eight  nonoperational  systeins  ataitcd  in  1950  or  later  which 
have  enough  data  to  establish  a  slippage  rate. 

Within  each  category  the  average  slippage  rate  varies  substantially 
from  one  system  to  another.  For  the  operational  systems,  the  variation 
was  from  0.23  to  0.60  year's  delay  per  year.  For  the  nonoperational  sys¬ 
tems,  the  variation  was  in  about  the  same  or  a  somewhat  greater  degree. 


Table  III  is  a  summary  of  the  averages  of  the  slippage  rates  for 
the  three  categories  and  for  combinations  of  the  three.  The  following 
summary  statements  can  be  made  with  respect  to  Table  III: 


1.  The  nine  operational  systems  (Category  1)  show  a  smaller  aver¬ 
age  slippage  rate  than  the  probable  average  of  the  thirteen  non- 
operationai  systems  (Category  4)  for  which  slippage  rates  can 
be  established  (0.43  versus  the  0,43  to  0.56  average  of  probable 
minimum  and  maximum  rates).  In  other  words,  the  average  slip¬ 
page  rate  for  operational  systems  can  be  expected  to  increase 
as  more  systems  oecome  operational. 


I  he  thirteen 
coi  y  5)  tiavc 

iViuln  0*1  ppwif^C 


systems  which 
a  range  of  av' 

4  *7  ♦ 


were  started  prior  to  1950  (Cate- 
rages  of  probable  minimum  and  maxi - 
,  Q  ION  ’"hich  fall  within  the  range 


(0.39  to  0.52)  for  the  post-1950  systems  for  which  slippage 
rates  can  be  established  (Category  6),  In  short,  slippage  rates 
do  not  appear  to  be  growing  significantly  better  or  worse  with 
t  ime 
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Section  V 

TREND  OF  LEADTIMES  REQUIRED 


The  actual  and  estimated  ieadtlmes  for  the  thirty-one  guided  missile 
systems  are  plotted  in  Figure  6  against  the  dates  of  Initiation  of  the 
projects  in  order  to  show  whether  there  are  tendencies  for  later  missile 
systems  to  require  greater  or  less  leadtime  than  earlier  missile  systems. 

The  sloping  dashed  line  in  Figure  6  represents  mid-57.  To  its  left 
are  plotted  actual  Ieadtlmes  for  the  nine  operational  misBile  systems; 
to  Its  right  are  plotted  estimated  Ieadtlmes  for  the  twenty-two  nonopera- 
tlonal  systems. 

When  operational  and  nonoperatlonal  systems  aro  viewed  together,  It 
would  appear  that  missile  system  developments  started  in  1950  or  later 

will  require  less  leadtime,  on  an  average,  than  those  started  In  1944 

through  1947.  The  average  of  the  estimated  Ieadtlmes  of  the  latter  group 
Is  approximately  7  years  and  that  of  the  earlier  group  approximately 
10-1/2  years,  a  reduction  of  3-1/2  years.  It  Is  likely,  however,  that 
this  apparent  reduction  in  leadtlire  is  optimistic  since  estimates  have 
generally  been  optimistic  in  the  past. 

For  the  eight  operational  systems  it  was  determined  (see  Appendix  C) 

that  no  more  than  10  percent  of  the  estimates  were  optimistic  by  more 

than  3.6  years.  Hence,  it  appears  likely  that  the  average  Ieadtlmes  for 
the  post  1950  systems  will  be  le.**s  than  the  average  leadtime  for  the  pre- 
1950  systems.  However,  the  following  paragraph  discusses  an  important 
reservation  on  this  apparent  leadtime  reduction. 

Figure  7  portrays  Ieadtlmes  for  seven  strategic  bombers  plotted  in 
the  same  manner  as  the  data  shown  in  Figure  6.  This  figure  was  Included 
to  show  another  family  of  weapon  system^,  in  which  increased  Ieadtlmes 
have  been  required  for  the  latcM  developments  Some  influences  tend  to 
reduce  leadtlme  for  later  systems  some  tend  to  ini;rease  it;  In  the  case 
of  the  strategi,.  Oombers,  the  iactors  tending  to  iiieiettiju  Itjaut  liuO  pre¬ 
dominated.  Since  the  balance  between  the  factors  tending  to  increase  and 
those  Irnding  to  doorcase  missile  system  Ieadtlmes  are  unknown  within  the* 
contei^t  of  this  study,  :l  should  not  bo  inferred  that  the  apparent  trend 
of  mt.-isile  system  loadtimo  reduction  will  lu'cessarily  continue. 


SECRET 


SECRET 


0  12  3 


to  tl  12  13  14  15  15  17  10  19 


O  1950 
a; 


14  15  16  17  18 


FROM  PROJECT  INITIATION  TO  OPFRATIONAl  AVAILABILITY  (YEARS) 


I.  PETREL 

2  CORPORAL  E 

3  NIKE-AJAX 

4.  MA1A00R 

5.  SNARK 

6.  RASCAL 

7.  REGULUS  I 
0.  TRITON 


9.  TALOS  (Ship) 

10.  TERRIER 

1 1.  SPARROW  I 

1 2  FALCON 

13  LACROSSE 
14.  REDSTONE 
15  SIDEWINDER 
16.  BOMARC 


17.  atlas 

18.  SPARROW  m 
19  HAWK 

■dO  TARTAR 

21  BULLPUP 

22  NIKE-HERCULES 

23  DART 

24.  REGULUS  E 


25.  SERGEANT 

26.  TALOS  (Land) 

27.  NIKE-ZEUS 

28.  JUPITER 

29.  THOR 

30.  POLARIS 
31-  TITAN 


•  ACTUAL  LEAOTIMES  FOR  OPERATIONAL  SYSTEMS 

C  ESTIMATED  LEADTIMES  FOR  SYSTEMS  NOT  OPERATIONAL  BY  MIO-1957. 
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ACTUAL  AND  ESTIMATED  LEADTIMES  AS  A  FUNCTION  OF  DATE 
OF  PROJECT  INITIATION  FOR  THIRTY-ONE  GUIDED  MISSILE  SYSTEMS 
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Section  VI 

RELATIONSHIP  OF  TIME  TO  FIRST  PRODUCTION  CONTRACT 
TO  TOTAL  liADTIME 


Presumably,  the  signing  of  the  first  production  contract  for  a  mis¬ 
sile  system  would  indicate  that  the  system  design  has  been  sufficiently 
proved  to  warrant  translating  it  into  production  hardware,  and  that  it 
should  therefore  be  a  good  indicator  of  progress  of  a  system's  development. 

Data  relating  the  first  production  contract  date  to  the  project 
start  and  the  operation  availability  dates  are  presented  in  this  section 
to  show  how  much  similarity  exists  between  weapon  systems  in  this  respect. 

Two  sets  of  data  are  plotted.  In  Figure  8  are  shown  data  for  nine 
operational  missile  systems.  In  Figure  9  are  shown  actual  and  estimated 
data  for  eleven  of  the  nonoperational  systems  for  which  data  are  available. 

In  both  figures  a  vertical  line  for  each  system  represents  the  ac¬ 
tual  time  duration  from  project  start  to  first  production  contract.  It 
Is  plotted  on  the  horizontal  scale  according  to  the  actual  (Figure  8)  or 
estimated  (Figure  9)  leadtime  to  operational  availability  in  order  to 
show  the  relationship  between  the  length  of  time  spent  prior  to  the  first 
production  contract  and  the  total  leadtime  to  become  operational. 

Figure  8  shows  the  relationship  for  the  nine  operational  systems. 

In  five  (55  percent)  of  these  systems,  59  to  70  percent  of  the  total  op¬ 
erational  leadtime  was  spent  prior  to  the  first  production  contract. 

The  extremes  for  all  nine  systems  range  from  26  percent  to  84  percent. 

Expressed  in  terms  of  years  after  the  first  production  contract, 
five  of  the  systems  (55  percent)  took  2.8  to  4.2  years  to  reach  opera¬ 
tional  status  (extremes  for  all  nine  range  from  1.4  to  6,5  ye.ars). 

The  state  of  increased  military  urgency  during  and  aflc-  the  Korean 
coniiiei  quiie  .il  tee  t-s  Lin.  pattc.n  of  figure  S.  Eight  cf  these 

nliu'  systems  were  initiated  between  1944  and  1947,  Of  the  eight,  first 
production  contract.s  for  five  systems  wore  signed  between  the  end  of  1950 
and  mid- 1951  during  the  Kore.m  conflict.  (Sec  Appendix  Table  A-6.)  This 
close  grouping  of  first  production  contracts  suggests  that  there  may  be 
a  n  l.ai  innship  In  iween  military  or  political  "urgency  and  the  first  pro- 
.'.n,  tier.  ror.  t  rr.e '.  that  is  perh.aps  as  important  to  the  relationship  between 
system  rc'adtness  for  product  ion  .tnd  the  c  oritract  . 
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Figure  9,  describing  eleven  nonoperational  systems,  shows  that,  as 
of  mld-1957,  there  is  wide  varlat.  on  of  estimated  time  spent  prior  to 
the  first  production  contract,  from  29  percent  to  84  percent  of  the  time 
to  the  estimated  first  operational  availability.  There  is  less  tendency 
for  the  estimates  to  fall  Into  groups  by  percentage  for  the  nonoperational 
than  for  the  operational  systems.  Nine  of  the  eleven  systems  (82  percent) 
were  estimated,  as  of  30  June  1957,  tc  require  3.4  years  or  less  from 
first  production  contract  to  operational  status  (see  Appendix  Table  A-7) . 
Since  the  current  estimates  of  total  leadtime  are  probably  optimistic,  as 
discussed  in  Section  IV,  some  points  can  be  expected  to  move  to  the  right 
with  time  (l.e.,  actual  total  leadtlmes  may  be  greater).  The  precise  ef¬ 
fect  on  the  pattern  as  plotted  cannot  be  forecast. 

In  general,  it  can  be  said  that  for  seven  of  the  nine  operational 
systems  about  one-half  to  three-quarters  (50  to  75  percent)  of  their 
total  leadtime  to  operational  status  was  expended  prior  to  the  first  pro¬ 
duction  contract  and  they  required  from  1.4  to  4.1  years  from  first  pro¬ 
duction  contract  to  operational  status. 

The  eleven  nonoperational  systems  show  wider  variation,  and  the  pat¬ 
tern  of  variation  will  probably  change  as  they  become  operational . 
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Section  VII 


ARMY  MISSILES:  TIME  FOR  RESEARCH,  DEVELOPMENT, 

TEST,  OPERATIONAL  EVALUATION,  OPERATIONAL  AVAILABILITY 

Flfiure  10  establishes,  tor  each  of  eleven  Army  missile  systems  for 
which  data  were  available,  a  base  line  (project  start  to  operational 
availability)  which  Is  marked  to  show  estimated  and  actual  completion 
dates  for  the  phases  of  research,  development,  test,  and  operational 
evaluation.  The  purpose  of  this  figure  Is  to  determine  the  relationships 
between  the  estimated  or  actual  completion  dates  for  research,  develop¬ 
ment,  test,  and  operational  evaluation  In  terms  of  the  estimated  or  ac¬ 
tual  completion  date  for  operational  availability.  The  phases  are  those 
defined  In  the  Department  of  the  Army  Annual  Guided  Missile  Progress  Re¬ 
ports  to  the  Department  of  Defense : 

Reaearoh--theoretlcal  analysis,  exploration,  without  completely  de¬ 
fined  goals,  directed  toward  the  increase  of  knowledge  and,  with 
It,  the  power  to  control  phenomena. 

Development--the  extension  of  the  Investigative  findings  and  theo¬ 
ries  of  a  scientific  or  technical  nature  into  practical  application 
for  experimental  or  demonstration  purposes,  Including  the  construc¬ 
tion  and  testing  of  experimental  models  or  devices  but  excluding 
operational  or  service  tests. 

Test--the  nhyslcal  and  performance  measurement  of  a  specifically 
developed  item  (material,  equipment,  system,  or  device)  to  deter¬ 
mine  the  technical  suitability  of  the  Item  for  use  In  the  military 
services  . 

Operational  Evalual ion  -  -  the  test  of  a  specifically  developed  item 
(material,  equipment,  system,  or  device)  under  service  or  simulated 
service  conditions  in  order  to  determine  as  accurately  as  possible 
Its  characteristics  or  performance  and  Its  utility  In  military 
operai  ions  . 

Operational  availability  is  defined  as  the  date  when  the  first  unit 
is  equipped  to  have  capability  for  action  against  the  enemy  (l.e.,  the 
saii.o  date  that  is  used  in  the  earlier  .sections  of  this  leport). 
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The  following  observations  are  made  from  Figure  10: 


1.  Research  was  completed  or  estimated  to  be  completed  before  op¬ 
erational  availability  in  six  out  of  nine  systems  (no  dates 
available  for  DART  and  TALOS).  Estimates  range  from  7-1/2  years 
before  operational  availability  to  2-1/2  years  after  operational 
availability. 

2.  Development  was  completed  or  estimated  to  be  completed  before 
operational  availability  in  seven  out  of  ten  systems  (no  date 
available  for  REDSTONE).  Estimates  range  from  3  years  before 
operational  availability  to  5-1/2  yeiars  after  operational 
availability. 

3.  Testing  was  completed  or  estimated  to  be  completed  before  op¬ 
erational  availability  in  five  out  of  ton  systems  (no  data 
available  for  PLATO).  Estimates  range  from  2  years  before  op¬ 
erational  availability  to  3  years  after  operational  availability. 

4.  Operational  evaluation  was  completed  or  estimated  to  be  com¬ 
pleted  before  operational  availability  in  two  out  of  eight  sys¬ 
tems  (no  data  available  on  CORPORAL,  PLATO,  and  TALOS),  Esti¬ 
mates  range  from  2  years  before  operational  availability  to 

4  years  after  operational  availability. 

One  would  normally  expect  that  research,  development,  and  test  for 
a  specific  system  configuration  would  occur  before  that  system  becomes 
operational.  The  data  do  not  reflect  this  relationship;  the  data  do  not 
Identify  the  smaller  variations  of  system  configuration.  Evidently  the 
data  refer  in  many  cases  to  advanced  configurations,  as  indicated  by  the 
numerous  extensions  of  the  estimated  completion  dates  for  R&D  phases  be¬ 
yond  the  dates  of  operational  availability;  for  example,  research  Is 
completed  up  to  2-1  2  years,  development,  up  to  5-1/2  years,  and  test, 
up  to  3  years  after  operational  availability. 


The  data  show  little  reasonable  pattern  It  Is  concluded  that  the 
pre.sont  reporting  system  for  estimated  completion  dates  in  the  Annual 
Guided  Missile  Progress  Reports  Is  inadequate  to  demonstrate  the  rela¬ 
tionship  of  RSiD  functions  to  operational  av.a  i  l.ibi  1  i  ty  of  the  first  unit. 
It  appears  tliat  the  definitions  of  research,  development,  test,  aid  op¬ 
erational  evaluation  are  not  or  cannot  iie  related  by  the  estimator  to 
specific  system  eon  t  igui  a.C  i  ons  . 
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Section  VllI 


ERRORS  IN  ESTIMATING  RU>  riAS.*:S 
FOR  THE  ARMY'S  SAM  FAM:LY 


The  previous  section  demonstrated  the  lack  o*  '  ■  '  '  ;f  >l  -elation 

ships  between  operstlonaX  availability  and  the  lat  st  estimated  oo.npJe- 
tion  dales  for  research,  development,  test,  and  op  ational  evaluallcn 
of  the  Army  missile  systems.  In  this  section,  five  of  the  Amy's 
to-air  missile  systems  (NIKE-AJAX,  NIKE-HERCUUIS ,  mWK ,  i*lATU,  and  rAU)^> 
(land-based))  are  selected  to  demonstrate  the  error*;  in  eathnalitig  tlie 
completion  dates  of  research,  development,  test,  end  operational 
evaluation . 

Figures  11  to  15  are  plots  of  several  series  uf  estimates  of  Iho 
occurrence  of  specified  events  In  the  five  missile  systems.  The  dates 
of  the  estimates  are  plotted  on  the  vertical  scale,  and  the  ostimutcd 
dates  of  completion  of  the  specified  events  are  plotted  on  the  horiAom.d 
scale.  Estimated  dates  for  as  many  as  five  events  are  shown  for  '.uch 
missile  system;  completion  of  research  (R),  development  (D) ,  test  (T) 
operational  evaluation  (OE),  and  first  operational  availability 
These  events,  which  are  defined  In  the  legend  of  each  figure,  are  run • 
tomarlly  used  by  the  services  in  rendering  the  Ann^ial  Guld  d  Wiasth 
Progress  Report  (in  October  of  each  year). 

As  shown  in  Figures  11  to  15,  the  .jlippago  ro'es  ol  the  eH{;!Va! 
completion  dates  for  research,  development,  test,  id  operatiorvd!  •  ,i;i> 

Lion  nre,  in  most  cases,  greater  than  the  slippage  ale  of  f.h«  v  ■  i' 
date  for  operational  aval  1  abl  1 1  ly  .  The  range  of  d  ifernnee  *  i 

and  latest  e.stimaLed  completion  dntoB  for  rcBcarch  >»  0.2-9,P  yi^.  : 
development,  0-9.2  years;  for  tt*st  .  ')-!  yeata;  and  ;or  Oj^cratlon^' 
lion,  0-3  years.  Py  contrast,  the  some  range  for  <  -a?  rut  lonul  a  i  i  ;.!j  . 
lly  i  0.5-2. 5  years.  The  explanation  of  this  g  re  U' r  vuriftticc- 
lu’s  in  the  areas  ot  ll)  t  hi-  apparent  greater  dlff  '.llv  of  .iCv  i  .  Is 
estimating  research  and  development  »'ompl‘‘llon  dill  •  .»nrt  (;i)  ;  h-  .  k  . 
ii'porlliig  of  the  r<*  1 .1 1  I  ensh  1  p  heiwecn  HRiI)  and  Hpjri  'ir  Mysiiem  >  »;:  I  is,,  i 
lions  Note  th.»t  tin-  v.ir  I  .a  I  i  on*-  «»f  i-riors  n«Ton»e  •  eci'ssively  -.ii.  .  i  ' .  ; 

AS  irm*  M'liS  ••vt-nls  vijth  easily  det  •rmined  li.ite**  mi<  h  ji.m  test,  i,,.. 

<  ’  V .» I  u  A  I  i  on  ,  ,e’d  ope  r  a  ;  i  on.i  5  av.i  i  1  nln  1  i  I  v 
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OA  -  OOO  Guided  Missile  Progrom  Tables,  D/A  Estimotes 


FIG,  n 

ESTIMATED  COMPLOION  RATES  FOR  PHASES 
OF  NIKF-AJAX  MISSILE  SYSTEMS 
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SOURCES:  R,  Q,  1,  OE  -  Annuol  Ovid«d  MhsUe  Rrogren  Report>«  Deportment  of  Army 
OA  ~  OOO  Gvided  MiwlU  Rrogrom  Tob)e»,  D/A  EttfmQtet 


FIG.  \2 

ESTIWATEO  COMPtETiON  OATES  FOR  PHASES 
OF  NIKE-HERCULES  MISSILE  SYSTEM 
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SOUkCES:  R,  D,  T,  Ot  -  Annuo!  Guided  Missile  Progress  Reports,  Department  of  Army 
OA  >  DOD  Gv'ded  Missile  Progrom  Tobies,  D/A  Estimates 


FIG.  13 

ESTIMATED  COMPLETION  DATES  FOR  PHASES 
OF  HAWK  MISSILE  SYSTEM 
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ESTIMATf  D  DATE  OF  COMPLETION  .-»# 


SOURCES:  R,  D,  1,  OE  *  ArmvQl  Guided  Mistile  Progreu  Reports,  Deportment  of  Army 
OA  -  DOD  Guided  Mmlle  Program  Toblet,  D/A  Eitimotes 


FIG.  15 

ESTIMATED  COMPLETION  DAIES  FOR  PHASES 
OF  TALOS  (LAND-BASED)  MISSILE  SYSTEM 
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Section  IX 

USE  OF  UCADTIME  AND  ESTIMATING  ERROR  DATA 


Data  have  been  presented  in  the  preceding  sections  with  only  occa¬ 
sional  reference  to  the  possible  cause -and -el feet  relationships  which 
suggest  why  leadtlmes  vary  tram  system  to  system  or  why  estimates  prove 
to  be  Inaccurate,  if  the  data  are  to  be  used  at  all,  however,  some  under¬ 
standing  of  these  relationships  is  necessary  for  interpreting  the  meaning 
of  the  data  to  guide  their  proper  use.  Detailed  examination  of  these 
causal  relationships  is  beyond  the  scope  of  this  research;  however,  dur¬ 
ing  the  course  of  the  research,  it  was  necessary  to  establish  the  general 
framework  of  factors  affecting  leadtime  and  the  factors  affecting  the  ac¬ 
curacy  of  estimates.  The  relationships  and  their  effect  on  the  applica¬ 
tions  of  the  data  are  discussed  below. 


Leadtime  Data  Characterlatics 

Leadtlmes  for  complex  weapon  systems  can  be  expected  to  show  some 
similarity.  Some  minimum  leadtime  is  necessary  under  the  most  favorable 
conditions  to  Integrate  components  into  systems  and  test  them,  tool  up 
and  produce  equipment,  train  personnel,  install  launching  equipment,  and 
deploy  tactical  units.  Some  maximum  leadllme  is  also  to  be  expected. 

In  a  time  of  rapid  change  of  military  technology,  weapon  systems  which 
require  very  long  leadtlmes  are  likely  to  become  obsolescent  and  to  be 
cancelled  prior  to  becoming  operational. 

The  data  show  the  wide  variation  between  these  extremes  that  can  be 
expected.  Logically,  leadtlmes  are  affected  by  at  least  the  following 
factors:  advance  required  in  the  state  of  the  art,  technical  complexity, 
organization  complexity,  relative  state  of  urgency  for  the  system,  and 
the  national  state  of  urgency.  These  factors  are  not  accurately  known 
for  the  future  with  any  assurance,  nor  is  their  effect  on  leadtlmes  known 
quantitatively. 

Use  of  Leadtime  Data 

It  is  evident  from  the  discussion  above  that  the  historical  leadtime 
data  must  be  used  in  conjunction  with  the  best  available  knowledge  of  the 
qualitative  Caciors  afiectlng  leadtime  for  specific  weapon  systems.  Used 
in  this  way,  the  historical  leadtime  data  can  be  of  advantage  in  two  areas 
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1,  Estlmatea  can  be  compared  with  the  historical  data.  Marked 
deviations  of  the  estimates  from  historical  leadtlmes  required 
by  systems  which  were  similar  with  respect  to  factors  affecting 
leadtime  can  call  attention  to  the  need  for  more  careful  exami¬ 
nation  of  the  estimates. 

2 .  Where  long-range  plans  require  assumptions  about  system  lead- 
times,  the  data  can  be  useful  If  the  results  of  the  planning 
are  not  sensitive  to  the  accuracy  of  the  leadtime  assumed  for 
any  one  system. 


Estimating  Error 


"Estimating  error"  is  used  In  this  report  In  a  specialised  sense  to 
mean  the  difference  between  estimated  and  actual  dates  regardless  of 
cause  and  Independent  of  any  connotation  of  blame.  In  the  sense  of  this 
definition,  a  wide  range  of  errors  can  be  expected  because  of  the  diffi¬ 
culty  of  defining  "realistic"  conditions  and  assumptions  and  the  diffi¬ 
culty  of  estimating  for  very  complex  missile  systems  what  could  be  done 
In  a  stated  time,  even  If  all  conditions  and  assumptions  were  satisfied. 
The  data  show  that  errors  have  a  pronounced  tendency  to  be  on  the  opti¬ 
mistic  side  of  the  possible  range  of  error.  Several  reasons,  which  are 
Illustrative  rather  than  comprehensive,  can  be  stated  for  this  tendency: 

1.  Detailed  estimates  originate  with  contractors  and  military  proj 
ect  managements.  These  organizations  are  oriented  to  their  sys 
Lems  and  can  be  e.<pectod  to  be  biased  in  their  favor. 

2.  The  military's  desire  for  shorter  leadtlmes  encourages  opti¬ 
mistic  estimates. 

3.  Estimates  made  early  In  the  development  of  a  weapon  system 
originate  with  R&D  organizations  which  tend  to  underrate  the 
difficulties  of  hardware  production,  personnel  training,  and 
system  deployment. 

4.  The  military's  decision-makers  frequently  require  estimates 
based  on  optimistic  priority  assumptions  by  each  weapon  system. 
It  is  the  decision-makers'  prerogative  to  effect,  system  by 
system,  high  or  low  priority  programs.  A  net  reduci:lon  In  the 
priorities  assumed  results  in  optimistic  error. 
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5.  Mamy  events  or  conditions  which  increase  leadtime  but  which  have 
a  low  probability  of  occurring  in  any  one  system  development  can 
not  meaningfully  be  tEiken  into  account  by  estimators. 

On  the  basis  of  both  the  apparent  tendency  shown  by  the  data  on  non- 
operatlonal  systems  and  the  discussion  above,  it  appears  that  estimates 
will  continue  to  be  optimistic. 

Use  of  Error  Data 

It  is  important  to  consider  the  consequences  of  reducing  or  elimi¬ 
nating  the  average  optimistic  bias  from  a  set  of  estimates.  Since  the 
degree  of  optimistic  error  varies  widely  from  system  to  system,  compen¬ 
sation  for  the  average  optimistic  error  will  change  the  estimates  from 
nearly  all  optimistic  to  approximately  half  optimistic  and  half  pessi¬ 
mistic.  For  some  purposns  the  penalty  attached  to  a  pessimistic  estimate 
may  be  greater  than  that  attached  to  an  estimate  which  Is  optimistic  by 
the  same  amount  of  time.  For  example,  failure  to  provide  funding  for 
long  leadtime  elements,  on  the  basis  of  a  pessimistic  estimate,  may  cause 
delay  In  a  system's  development  that  may  be  more  serious  than  tying  up 
obligated  funds  (provided  on  the  basis  of  an  optimistic  estimate)  which 
will  not  be  expended  as  soon  as  scheduled.  As  a  further  example,  If  com¬ 
pensation  for  optimistic  error  is  made  to  estimates  for  some  systems,  and 
if  these  estimates  are  compared  with  uncompensated  estimates  for  other 
systems,  faulty  conclusions  and  decisions  can  result. 

If  the  consequences  noted  above  are  taken  into  consideration,  the 
estimating  error  data  can  be  used  to  advantage  in  evaluating  current  es¬ 
timates  for  purposes  of  program  planning  and  control.  The  data  indicate 
a  pronounced  tendency  for  estimates  to  be  optimistic.  The  evaluator  can 
be  conditioned  by  these  data  to  be  more  critical  of  the  realism  of  as¬ 
sumptions  on  which  estimates  are  based. 

The  magnitude  and  range  of  optimistic  errors  in  the  data  suggest  a 
need  for  further  research,  first  on  the  causes  of  error  in  estimating, 
and  subsequently,  on  the  possibilities  of  improved  program  planning  based 
on  knowledge  of  the  causes. 
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Table  A-1 


ACTUAL  AND  ESTIMATED  LEADTIUES  FOR  ARMT,  NAVY,  AND  AIR  FORCE  MISEILB  SYSTEMS 

As  ot  30  June  1957 


terivatloo  o(  OptrstlonU  UitdtlMt 


Mlitil*  ay«t«« 


I  ProJ«ct  Stftrt 
1  D«t« 


NIKE-JUAX 

KlKE^flCULSS 

NIKE*^EUS 

TERRIER 

TAI/)a  Ohio)  db 

TALOS  (Und) 
BOHARC  <iy.9dA) 

tartar 

HAWK 


SPARROW  I 
SPARROW  Ilf 
FAUCW  lUA>«-0 
SlDEWimiRR 


MATADOR  <TM-dU) 


lACROS^K 

DART 

STRGEAST 

jrPlTT.R 

THOR 

RFr.i'lJ'R  TI 


6/512/ 


5  Op*r»tiafiftl  SyRtWM 


Opwrational  LwtdtlM 
Av*l labi li ty  (ywarw ) 


RS  HonepwrAttoMl  8y«t«u 


6/46JLi2'' 
,7  'AA^  tl  '' 


G!»-.cc  :jf  Ass:?!*?**  of  DefDnse.  REE. 

Annit«l  GM  Proffrc**  Reporle.  Depts.  nl  Amy,  Na 
OkO-F-lT 

il>  Ihc  ye#r  m  Riven  in  the  esttmiiie.  ttmullmcs 


UUftt 

of  Opiil.  Av«it 
DEt#  u  of 
e/87i/ 


hbtAtim 

(yoart)!/ 

<4)-a> 


svMiing  the  Month 
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Table  A-3 


OPTIMISTIC  ERRORS  IN  ESTIMATING  OPERATIONAL  AVAILABILITY 
OF  EIGHT  GUIDED  MISSILE  SYSTEMS 


^IDEVIXDEH 


ReCiUK  1 


»\TA|IOK 


a/M 
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Table  A-5 

ACTUAL  AMD  ESTIMATS)  LEADTIMXS  AS  A  FUMCTION  OF  DATE 
OF  PROJECT  INITIATION  FOH  THIRTT-ONE  OUIDED  MISSILE  SYSTEMS 


System 

Project 

Start 

Data 

Iicadtice  (yeara) 

Actual 

Eatinatad 

PETREL 

S/44 

11.4 

CORPORAL  R 

12/44 

9.5 

VIKE-AJAX 

2/4S 

a. 9 

MATADOR 

2/46 

8.1 

SKARX 

2/46 

12.9 

RASCAL 

5/46 

12.3 

REOULUS  I 

6/46 

8.8 

TRITON 

9/46 

18.8 

TAL08  (Ship) 

11/46 

11.4 

terrier 

11/46 

8.7 

SPARROW  1 

12/46 

8.3 

FALCON 

3/47 

9.1 

UCROSSE 

7/47 

11.2 

REDSTONE 

7/50 

7.7 

SIDEWINDER 

9/50 

5.8 

BOMARC 

1/51 

8.7 

ATLAS 

1/51 

8.2 

SPARROW  III 

1/61 

6.8 

HAWK 

3/51 

8.6 

TARTAR 

6/51 

8.8 

UULLPUP 

4/52 

6.7 

NIKE-HERCULES 

4/52 

6.2 

DART 

12/52 

6.6 

REX3ULUS  II 

6/53 

6.1 

SERGEANT 

4/54 

8.4 

TALOS  (Land) 

9/54 

5.8 

NIKE-ZEUS 

2/55 

10.3 

JUPITER 

6/55 

4.1 

THOR 

6/55 

4.1 

POLARIS 

11 /'55 

7.6 

TITAN 

12/55 

5.2 

Source:  luble  A-1  . 
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1/  Source;  Table  A-1. 

2/  Source:  Uepartwent  of  Defense,  March  1958.- 
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Table  A-6 

ACTUAL  AND  ESTIMATED  COMPLETION  DATES  FOR 
PHASES  OF  ARM?  GUIDED  MISSILE  SYSTEMS 


project 

Start 

Date 

Actual  and 

Xetlmmted  Completloa  Dates— 

Missile 

System 

Daiw 

of 

Report 

<R) 

Develop¬ 

ment 

<D) 

TMtlnK 

(T) 

Oparatlolul 

KvaXuatlon 

(OB) 

■ 

Oporatlonal 

Avallublllty 

<0A) 

CORPORAL  E 

12/44 

10/56 

12/Fa 

13/56 

13/56 

conttnulnf 

6/64 

NIKE -AJAX 

»/« 

10/65 

9/4^'' 

6/8^'' 

9/a4i/ 

6/64*'' 

1/64 

1ACR0S8E 

7/47 

10/55 

1/84 

7/56 

7/87 

7/86 

6/8* 

REDSTOKE 

7/80 

10/56 

6/51 

contlnu* 

ing 

contiAU- 

ing 

2/60 

2/90 

9/68 

HAWK 

3/51 

10/56 

9/54 

3/5B 

7/8* 

1/61 

6/59 

MKE-KERCULES 

4/S2 

10/56 

6/802.'' 

9/8 

9/6li'' 

9/62^'' 

e/ss 

PIATO 

9/52 

10/56 

6/83 

6/63 

-- 

- 

13/63 

DART 

12/52 

10/56 

- 

6/572/ 

6/B(£.'' 

6/6*£''  to 
9/90*'' 

6/59 

SERGEANT 

4/54 

10/56 

12/56 

12/60 

12/62 

9/93i' 

fi/62 

TAU)S  (Uind) 

9/54 

10/55 

- 

8/871'' 

6/89?.'' 

- 

9/60 

NIKE-ZEDS 

2/55 

10/56 

8/02i' 

6/642-' 

e/ezi'' 

8/8s2.^ 

6/63*' 

6/66^^ 

6/63|' 

6/65^' 

8/65-' 

1/  Hiatorical  dates  or  tines  are  underlined;  estimated  dates  or  IIbms  are  not  underlined. 
2/  Dates  where  only  the  year  was  given  are  assuned  to  be  midyear. 


Source:  Annual  Guided  Missile  Progress  Reports,  Departnent  of  the  Amy.  Dates  of  reports 
are  indicated  in  "Date  of  Report"  column. 
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Tabl*  A-9 

SLirPAOE  OF  ESTIMATE  FOR  COtIPLETIOS  OF 
SPECIFIED  PHASES  OF  FIVE  ARMF  QUIDED  MISSILE  SYSTEMS 


Hlaalle  Syetas 

(1) 

<») 

Data  Range 

(3) 

Projont 

Start 

(4) 

Plrat 

Satiaatad 

Completion 

Data 

(B) 

Laat 

SaVlMtad 

Completion 

Data 

(•). 

SXippftie  oi 

lettiMt* 

(T) 

aiipiMt. 

Rat. 

tyr/jrr) 

— 

Proa 

TO 

NIKE^  AJAX 

R 

10/48 

10/56 

8/46 

7/48 

6/50 

8*8 

1.8 

0 

10/48 

10/58 

4/60 

6/68 

8.8 

1.1 

T 

10/48 

10/66 

1/61 

•/6t 

6,4 

0.4 

OS 

10/81 

10/66 

6/54 

6/54 

0. 

0, 

Q\ 

1/48 

18/63 

6/51 

18/63 

8.5 

0.4 

NIKS-RBRCUU6 

R 

10/63 

10/66 

4/68 

6/63 

6/60 

T.O 

8.3 

D 

10/63 

10/66 

6/66 

6/61 

3,0 

1,7 

'i/ 

10/63 

10/56 

6/67 

6/61 

4.0 

1.3 

e/64 

10/56 

6/68 

6/68 

3.0 

1.3 

Am—' 

OS- 

S/M 

10/56 

6/68 

6/67 

mm 

OA 

ia/63 

e/57 

18/67 

6/66 

0.6 

0,1 

TAL08  (land-baaed) 

R 

8/64 

— 

— 

D 

e/e* 

lo/ee 

6/67 

8/67 

0. 

0. 

T 

e/84 

10/66 

6/68 

6/61 

0. 

0. 

QA 

l*/5* 

8/67 

12/58 

6/60 

0,6 

0.8 

I(AWK  I 

« 

10/53 

10/54 

3/51 

6/54 

»/54 

0.8 

0,8 

D 

10/53 

10/56 

6/56 

3/58 

1.8 

0.6 

T 

10/S3 

10/56 

6/67 

7/58 

8.1 

0.7 

CE 

10/53 

10/56 

6/66 

1/61 

8.6 

0.8 

QA 

3/51 

«/57 

6/56 

10/59 

3.3 

0.5 

PLATO 

R 

10/63 

10/56 

e/52 

6/57 

6/63 

6.0 

8.0 

D 

10/63 

10/56 

6/58 

6/63 

5.0 

1.7 

T 

10/53 

10/53 

-- 

— 

— 

— 

OB 

10/53 

10/53 

__ 

— 

~ 

— 

OA 

6/56 

6/57 

12/63 

“ 

— 

— 

1/ 


a/ 


R  ::  ftoflearch,  D  s  Developsent,  T 
rvo  dates  are  shovn  in  the  basic 


s  Teat,  OE  s  Operational  Evaluation, 
data.  Both  are  indicated  here. 


CA 


Operational  Availability. 
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Appendix  B 

EXPLANATION  OF  PLOTTING  METHM)  USED  IN 
SECTIONS  IV  AND  VIII 


The  figure  below  Illustrates  the  graphical  plotting  method  shown  In 
Sections  IV  and  VIII.  The  dates  on  which  estimates  of  future  specified 
events  (e.g.,  "operational  availability”)  are  made  are  plotted  on  the  or¬ 
dinate,  and  the  corresponding  estimated  dates  for  completion  of  those  speci¬ 
fied  events  are  plotted  on  the  abscissa. 


Eslimaled  Dates  for  Completion 
of  Operational  Availability 
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For  example,  point  1  (S)  represents  an  estimate  of  operational  avail¬ 
ability.  The  date  the  estimate  was  made  was  mld-194S  (ordinate)  and  the 
estimate  stipulated  that  operational  availability  would  be  achieved  In 
the  middle  of  1948.  Points  2,  S,  and  4  are  additional  points  represent¬ 
ing  estimates  of  operational  availability.  Point  4  (0),  which  falls  on 
a  line  45  degrees  from  either  axis,  represents  the  actual  date  of  opera¬ 
tional  availability.  Points  on  the  "4S-degree  line”  can  be  visualised 
as  representing  the  present  as  of  any  date  of  estimate ;  points  (such  as 
points  1,  2,  and  3)  which  lie  to  the  right  of  the  45-degree  line  refer 
to  the  future ;  points  which  lie  to  the  left  of  the  4S-degree  line  relate 
to  the  past . 

Further  Information  available  from  this  plot  la : 

(1)  AC  -  actual  tlne-to-go  as  of  the  date  of  the  first  estimate. 

(2)  AB  -  estimated  tlme-to-go  based  on  the  first  estimate. 

(3)  BC  -  error  of  the  first  estimate, 

(4)  CD  -  period  of  time  over  which  estimates  are  made. 

(5)  ®“/CD  -  average  slippage  rate  from  first  estimate  to  opera¬ 

tional  availability. 
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Appendix  C 

METHOD  OF  COMPARING  ESTIMATING  ICRFCHUIANCE  IN 
OPERATIONAL  AND  NONOFERATIONAL  SYSTEMS 


It  was  necessary  to  ccMpare  the  estimating  performances  for  nonop- 
erational  systems  with  those  tor  operational  systems  to  see  It  substan¬ 
tial  differences  exist  which  could  be  taken  into  account  in  Interpreting 
the  data  for  nonoperational  systems. 

The  measure  of  comparison  chosen  was  the  average . slippage  rate  (see 
Appendix  B) .  The  average  slippage  rate,  as  defined,  appears  to  represent 
the  data  adequately  for  the  purpose,  and  is  simple  to  determine. 

Figure  16  illustrates  the  method.  For  operational  systems.  Fig. 
ure  IB  (A),  a  line  is  drawn  from  the  first  estimate  to  the  operational 
availability  point  and  its  average  slippage  rate  determined  in  terms  of 
years'  delay  per  year. 

For  nonoperational  systems.  Figure  16  (B) ,  earliest  and  latest  prob¬ 
able  availability  dates  were  determined  and  the  rates  of  change  from  the 
first  estimate  to  these  two  points  were  measured.  An  earliest  and  latest 
probable  date  was  chosen  to  describe  the  estimating  performance  rather 
than  a  single  "most  probable"  date  to  call  attention  to  the  uncertainty 
of  the  extrapolation, 

The  earliest  and  latest  probable  availability  dates  were  established 
on  the  assumption  that  the  errors  of  mid -57  estimates  for  the  nonopera- 
t:  onal  systems  would  follow  the  pattern  of  the  errors  for  the  operational 
systems  shown  in  Figure  4.  Figure  16  (C)  shows  the  band  which  includes 
po  percent  of  the  data  points  of  Figure  4  (excluding  the  10  percent  of 
the  points  with  the  greatest  optimistic  error  and  the  10  percent  with  the 
least  optimistic  error).  The  lines  of  probable  maximum  and  probable  mini¬ 
mum  optimistic  error,  used  to  project  the  earliest  and  latest  probable 
availability  dates,  are  simplified  approximations  of  the  edges  of  this 
band.  Hence,  the  probable  earliest  and  latest  availability  dates  can  be 
expected  to  bound  the  actual  date  of  operational  availability  in  about 
80  percent  of  the  cases,  if  the  estimating  r.cotiracy  of  these  nonopera- 
tlonal  systems  follows  the  pattn.-n  of  the  operational  systems. 
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ESTIMATED  DATE  CF  FIRST  OPERATIONAL  AVAILARILITY 
TYPtCAL  OPfPATtMAL  SrSTiTM 


I9«0 


maximum  proraslc 

OPTIMISTIC  ERROR 


FROM  (0(1. r  YEARS)*' 


«/ 


AVERAGE  SLIPPAGE  RATE: 
PRORABLE  MAXIUUmE/ 
PROBABLE  minimum!/ 

SERIES  OF  ESTIMATES 
(TYPICAL  EXAMPLE)!/ 

FIRST  ESTIMATE 


ULL 


I9S0  IBSS  IBSO  I9SS 

ESTIMATED  DATE  OF  FIRST  OPERATIONAL  AVAILABILITY 

rrpJCAc  NONOPePArtoMAL  systih 


(D 


■i/  Typiei^l  Ufvtf’ SPARROW  I. 

d«loy/y«9r. 


flip 


•  >rt 

*  0.90  y#«r'* 


2/  T/pleol  •xdmptp  uMd:  REDSTONE.  Avprag*  Plippegt  rat#: 

Prebpbit  i«ilrtim<iin»0,47  yAor**  d«loy/y«or. 
Probebi*  mevimun  i  0.9S  y*or*4  dtlay/y«ar. 


9/  App«nd«x  B 


HG.  10 

ILLUSTRATION  OF  COMPUTATION  OF  AVERAGF  RATES  OF  CHANGE 
OF  ESTIMATED  OPERATIONAL  AVAIUBILITY 
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ILLUSTRATION  OF  COMPUTATION  OF  AVERAGE  RATES  OF  CHANGE 
OF  ESTIMATED  OPERATIONAL  AVAILABILITY 
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Figure  16  Illustrates  the  method  '  f  measuring  average  sllppac*  rate. 
The  plot  ot  estlmaten  for  a  typical  operat.  svsten,  SHUtItOW  I,  Is 
shown  In  Figure  16  (A)  The  average  slippage  rate,  £r>  ■><  first  estimate 
to  the  actual  availability  date  (0.35  year's  slippage  ..  year),  is  ob- 
talneo  by  dividing  the  total  slippage  (the  horizontal  d  .<iQce  from 
June  '52  to  April  '55,  or  2.8  years)  by  the  time  from  late  of  the 

first  e8tl::;ate  to  the  availability  date  (the  vertical  tance  from 

March  '47  to  April  '55,  or  8.1  years). 

The  plot  of  estimates  for  a  typical  non ope rational  system,  RB08T0KB, 
Is  shown  In  Figure  16  (B) .  The  latest  estimated  availability  date  is 
March  '58  which  is  0.8  year  estimated  tlme-to-go  from  June  '57,  the  date 
the  estimate  was  made.  Probable  minimum  and  maximum  optimistic  errors 
associated  with  an  estimate  of  0.8  year  tlmS'to-go  are  obtained  from  Fig¬ 
ure  16  (C) zero  years  probable  minimum  and  1.7  years  probable  maximum 
optimistic  error.  The  earliest  and  latest  probable  availability  dates 
are  determined  by  applying  these  allowances  for  error  In  Figure  16  (B) i 
the  earliest  probable  date  is  March  '58  plut  0.0  year,  and,  the  latest 
probable  date  is  March  '58  plus  1.7  years  (20  months),  or  November  '69. 
These  projected  earliest  and  latest  probable  availability  dates  are  used 
In  measuring  the  average  slippage  rate  in  the  same  manner  as  described 
above  for  the  typical  operational  system. 
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